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PROBLEM TO BE SOLVED: To reduce element resistance and 
obtain beam of high quality in a semiconductor laser device. 
SOLUTION: An n-Ga1-Z4AIZ4N composition slant layer 20 is 
formed between an n-GaN contact layer 19 and an n-Ga1- 
21AIZ1N/GaN superlattice clad layer 21. An n-Ga1-Z5AIZ5N 
composition slant layer 22 is formed between the n-Ga1-Z1 
AIZ1N/GaN superlattice clad layer 21 and an n or i-Ga1-Z2AIZ2N 
optical waveguide layer 23. A p-Ga1-Z5AIZ5N composition slant 
layer 27 is formed between a p or i-Ga1-Z2AIZ2N optical waveguide 
layer 26 and a p-Ga1-Z1AIZ1N/ GaN superiattice clad layer 28. A 
p-Ga1-Z4AIZ4N composition slant layer 29 is formed between the 
p-Ga 1 -Z1 AIZ1 N/GaN superlattice clad layer 28 and a p-GaN 
contact layer 30. Regarding the composition, z4 of the Ga1- 
Z4AIZ4N composition slant layers is changed continuously from 0 as 
far as the composition corresponding to band gap of the Ga1- 
Z1AIZ1 N/GaN superlattice clad layer, and z5 of the Ga1-Z5AIZ5N 
composition slant layers is changed continuously from z2 as far as 
the composition corresponding to band gap of the Ga1- 
Z1AIZ1N /GaN superlattice clad layer. 
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(57) 

n-GaN^V** M19tiH3ai-«iAI«iM/G 
alHBM 5 -* 7 y Kff21omicn-Gai-t4Ali4Nttdc«HMJI2 
OfcRlt, n-Gai-«iAlnM/GaN«»^7y KJK14n*> 
5V^^li-6a1-z2Alz2N)t*««23<7>Mlcn-Gal-r5Alz5N*a 
JftflMI22*Rl1\ p*>5VMii-6ai-iiAlzjN*W*JI26 
t p-Gat - 1 1 A 1 1 1 N/GaN&te^- * 9 y KH280 IH l-p-Ga 
i - z s Ah s NtEU£AAJ|27 *Rtf\ p-Gat -i i Al z i N/Gafogte 
f^y KS28tpH3aN=i>^^ hB30tf>|B5fcp-Gai-x4A 
lz4Ntt*««JI29«:Rlt6. Gai -z4Alz4N*&j£«$/§coz 
4tt0d» & Gai - z i Alz i N/GaNjHtt^P* 7 y KJ|0>'< y K¥ 

Gai - is Al zsN&j&^fcrl <Bz5liz2a» bGai -z i Al z i N/GaNjg 
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1 ] »-»«SG a NB©±fc* />4 < fc 

fc. *-*«aT»^7!/ k», »-»*aT»*»* 

^7<; KB*5.fctf*::*«S!Ga Na^** hB#wtf> 

ttB*-*ma!G a NmtmR%-mmmTm 9 v k 

6*-OAlGaNtft««»Jl^R*t?>^'C*i9, * 

W«B»-*«M±»^ 7 7 KBfcfSB»-*SSG a N 
=»:x** hB<&Wlw* tt»r**ffi±»* 5 y KB**fe 
RSBHiSmSGa N3^^ hStcrfijd*oT^> K*+ 
y^j6«ai«ttfc«ki-6»-«>A l G a N&ftfiUWItf 
Rlt & ixt ^ * c fc fc 1" -5 U-tfKtfc 
[ffi#9 2 ] ME»- WtfflTW* 7 y KB fc HiBSS 
-««IT«*»MoWl:, K*-*«S!T«*7y 

* y ^a«W^aCft+6*=OA 1 G a N*&j£«&B 
#RttMlT*5!K A»o, 

«31±«* 7 y KJUcn^o-C-^^ K*+ y 
J-Seft'tSJBBgWA 1 G a NtAttflWfl^Rtt&HTV' 

8i fc $r^mfci-8H*^ l B*©***v-*im. 

[«#9 3 ] JBSflVCflW i n m ^±2. 5 «i mUT? 
hV. «BJB****J6«0.002a±0.01BT , C«)6Cfc 

So 

JB*f »R*#0. 002J^±0. 01 5J^Tt?fc 5 r fc frffift fc i" 
1 * fcf* 2 Btto¥*fr u-f 8fio 

[0 0 0 1] 
[0 0 0 2] 

^-ea***- K*«t5:t j^»flf*ntv^. 

[0 0 0 3] 1998«g?TOjpn.Appl.phy8.Lett..Vol.3 
7. pp. L1020fc*5l*T, +*tft fclc J: S InGaN/GaN/AIGaN- 
Based Laser Oiodes Grown GaN Substrates with a Fun 
damental Transverse ModejWBfl^JvCV**. Cixtt. 
*7 7^TMS±GaNfcJ&8Lfctt* $i02£^**fcL 
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«R±fc, n-GaN/<y7rBs n-inGaN* 7 y *KJkB, 
n-AIGaN/GaNgffi K-7»»* 7 y KB, n-GaN3t*K 
B* n-ln6aH/lnGaN#**^#F»ttJi, p-AIGaN*-* V 
p-6aN**«Ji, p-AIGaN/GaNgffi H-* 
g»^7yKI, p-GaN=»v** hBa»fe*6fc<B"C 

[0 0 0 4] 

[»W##ftLJ:5fc1-SIWH] ±E*>J:5fc. ±B* 
g-Cli, **««M*Kv\fc«>, 3V** hBfco&ft© 

■■fcftoTV^. 

[0 0 0 5] *»9!tt±e*ttfc«*-C, **«tt«rtt 

if £ S ft 1" 6 i fc £ S » fc I" S fc © "C 6 . 
[0 0 0 6] 

Etts m-#n$LG a nb<o±i-. />4< fc t>, as — is 

S^J:t;!Brii«a!GaN3^^ hB^COJWcSIB 

30 U-lFmmK.WXs ^ilGaNli^-iil 
T«S^ 7 v KBOBfc, »»-*«MG a NB^bttff 

atn(cKfb1"«lB— OA 1 G a Nl&rtfKftJId'Ritfcii 
x*5 d , *>o, s&i:2jMi;a±&* 7 7 KB fc «n»«a 

K^^y^aKttfcBflrJ-SJBr^A 1 G a N*&J£M 
ttB^Rlt ^>tv-CV>6 c fc Zft»t fc^-Cfo6o 

[0 0 0 7] ^fc. $ fe^-^fESTF^ 7 sy KB fc 
40 *-*mSTtt**«B*>IHfc, KW-WmfflT»^9 
y KB^fettK-*^!T«*WRBlci«aA>o-C/<^ K 
7 7 p ^3»^Wlc3f{b-r<£>»H^A 1 G a NUattflA 
B* $ R»te>ix-C*5 9, d»o, m-&mM±.MKmfcBb 
»-*mB±»^ 7 7 KB OWI^ ^»-^H;a±^^ 
»»Bd»fett!B-*«a!±»^7!x KBlcfiiA»o-C^^ 

K^t y ^W«»l^ftt5JBIBOA 1 Ga N*&j£M 
^BdSRtt^ixTV^fcJ:v^ 

[0 0 0 8] gaHMMli 1 /* m^±2. 5m m^Ttfc 

50 



-2- 



; 



3 

[0 0 0 9] *1ts »««*«tt2.5/im«t?>**<, 
VMiffUiliO. 002&±0. 015J£TFT*> 6 w t tfS* 

[oo i o] ±e r$-8MtSj * r^-^m^j \±, 

[0011] 

-MlGaNli:*-ilWiT»^7y KJI©IB*5J: 
*-WtS8±»* 7 7 KB i ^-^m^G aN^^ 

(DA l G a N&$M&!fc<fctfi!-OA l G a N*&#4£ 
fl*€:Rtt-Ct**<D-e, tttEAflUtJKrttA/-CV^2o 

[00 12] Sfcic, JB-i»«llT«* 7 v KB i *- 
W*BTft£WKB0B« *3J:V»-W*aLb»*** 

#M*Wfc»M-sK=G>A i g a \*tmmsm&zi* 

l G a N®.&m®m&®tf btlXlt^ZZ t\Z.± 
9, ±EB«L ^^Kt7ty M^oT^DSRSgH 

[0 0 13] *fc, %mm&m&l nmEk±2.Bnm& 

Tvbts *ffi«*f*si!Sr40.oo2a±o.oi«T-e*>s 
**. 

[0 0 14] »««««tt2.5<£mJ:9*#<, 
»«JB»*aHttO. 002J^_hO. 015«T"t?fc <5 C fc fc «fc 

[0 0 15] 

[ooi6] ^^^l^ioiiias^i/ 
a (TM6) , vvt+ww^vj* (mi) , by*?- 

(0 0 0 1) B*7r^T*tR11±t-, ta&SOOt^GaN 
^y7rJB12«0nme«oW![-C^*+5 o I^T, & 
SSrIOSOtlcLT, GaNB13&2 0inaftj£*$-&*. 
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SKteiSU (B**"f) *»Ji*U l^*M6 
(B**1") iifcoy y^77^IBK, 

[Si] 

< 1 1 o o > 

3/ira*I^$i02^14 (B**i") fclfcfeLfc* 
h^-r^««€r10MmaaoBH"C7^ yr^K^- 
*©/<*-:/*:»ai-6. i^* MSfcSiOiBMSr** 
^ilt, £$S&0#*£^TGaN/I12ttaNl13& K 

*V\ Ui?*M6 (B*HM") £Si0 2 ^14 (Bn**-f) 
«rlfe*ffct GaNS16«r10MmS«S^«*«&5. CO 

L-C*ffi^Wft+5. SifeK17*BJ*U 3ft 

ftldlfc***. fiaNB18*j«U 

h^T^MMfrU *ffi«r¥t&ft;$-* 

20 ho 

[0 0 17] ftfc, n-GaN=^** hS19, n-Gai-z4AI 
z4NtaAAftJI20 (f$0.2/zmIS) , n-Gai-ziAlziN/ 
GaNiB*HF^7 7 KS21, n-Gai-isAlzsNfifiKAiMJI « 
^O.UmlS) 22, nfcSV^±i-Gai-i2Al22N3tW»B2 
3, lihtGai-nlKSl K-^/lnii6ai-«iN****#F« 
ttB (0.5>x1>x2^0) 24, p-Gai-zaAlzaN*^ y 77* 
ns/^y^J125, pfc*V^ttiHfei-i2AI Z 2N%iVttB26* 

p-Gai-i6Ali5NttAfl(ftJI («0.1 /imBK) 27, pH3 
ai-iiAlnN/GaNB***?? KB28, p-Gai -z4Alz4N*£. 
30 &m®S (^$0.2Mmmg) 29, p-GaN^** hS30 
3!*tt** Si0 2 fii31 (B**i") fcVi** 

b (B**n awroy y^9 7-f tcj:?), 

1 -2. 5 u m<0« i 9 ft 5 * h 7 4 
h^Si02^31$r^*"t-2> o RIE (Slttt-f 
?&m) vmVlx- y^y^\^Xr> p-Gai - z i A I z i N/GaNjg 
j&^77 KJ12BOii**-Cayf-^^€:tTV\ 
» £ »J*1- COxyf^^ op-Gai - z 1 A I z i N/GaNS 
7 7 KB<D« L»tt»*«*- KMIWrt 

40 [0 0 18] fclc, (B^*T) £Si02Bg31 

(B^-fri")«:»*U 5lt^tSi0 2 ^ (B**i") ^ ^ 
h (B^-fri - ) *»*t, ^ h 7^ 7*020/1 m^iPU 
O««^(DSi02^t h«r»*U RIETn-GaN=»> 

[0019] W32^Mt, ii^oy y>/7 

7^S^S:fflV>T, Ti/AuJ: 9#5nm*I36£ p^=^^ 
h^o^Sli^ h7-T7"^(cNi/AuJ:"9ft^pm®3 

50 *«Ufc*«*BlcMR«3-h, teR«t=>-h«r'ff 
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[0 0 2 0] ±EAIGaNOtarttt, 0£z2<zK1*5<ttfz 
2<z3<0.4£-*-* o z4f}0ri><bg& J P*7 7 KlO/O 

* e z5ttz2a><b®tei^7 7 KiO/^K^ty^ 

[0021] yy^6iaoii*i»ji:e«t5* 

5*©*ffiJB«f*S:nBt U p-Gai-n AlnN/GaNBfc* 
KK8©»SfcM»i-6Ci:fcJ:!K nB-nAT 
*$^5*ffiJS»*aife«:, 2X l 0-3<nB-nA< 1 
x l O- 2 (C0J^-e#5o 

[0 0 2 2] ±E¥Wft U— !f 1 IC 
g§LT*i, fe^o*a^lcj:0 360< A<550 (nm) <D«S 

[0 0 2 3] ±iB*ao«SSU"Cli, B**>*VHttf 

<fcv\ 

[0 0 2 4] *|»0»tHCj3^-C*4, &fcttnM£/8 
[0 0 2 5] *Htt0^18-C«:, !> y $**»©B«** 

■e* So 

[0 0.2 6] B«tt+7 7-fT«g«:fflV^fc#, SiCg 
8u ZnO, LiGaOz, L1AIO2. GaAs. GaP, Gefc*V^ttSi« 

[0 0 2 7] *fc, *»MlcJ:6B**«r, t^r^T 

[0 0 2 8] *fc, ^KJSOJBB-Cttafi***- KBB 
2. 5 /i m&± t LXte»t*0*l2:^ h 7 -f 7*MM* 

[0 0 2 9] *Hi£o?&ffi-Cli, K** Vfimfo 
Wt-aefti-5AIGaWart««B«:Ritrv^fci6, 

flMMfeofii 

[0 0 3 0] *5§^o±gefB 1 ©*lfco»16l-i: 

TlftfflU *0>H&EI2»c*1\ B4>«)ff^flB 1 Oft 

[0 0 3 1 ] [2|2{c^i-ct n-Gai-z4AI<4Niaj£A 
#B2O0)z4tt, n-GaN=^** hB190'<:/ K** 7 ^ 
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3i*^-i»bn-Gai-xiAluH/GaNB*^^ 7 7 KJB21 
K^-r 7 7****-* - CM*ttlw/<;/ 7 

[0 0 3 2] n^i-i5Ali5NBj««ftB220z5 
14. n-Gai-2iAI:iN/GaNj@»^^77 KB21<0/<>'K¥ 
-Y y ^x^;i/^- ^6n$>5^M4i-Gai-22Alz2N3t^® 

7 7 J: 9 tc&'> t^-Cfoic 

[0 0 3 3] p-Gai-i5Alz6N*&J««»B270>z5 
10 tt, p*>5v^tti-Gai-nAli2N*:»*B260^yK^'t7 
^a*^-d»fe|rtai .« 1 Alz 1 N/GaNB*** 7 7 KB2 

«W icSEft 1" 6 J: 9 1- it AD £-££t>tf)-efc6 0 
[0 0 3 4] p-fiai-i4Ali4Nia«««B29<Dz4 
fi, p-fiai-nAUiN/eaNB*^7 7 KB28(D^yK* 

5 J: 9 S •£ ^ o t? fe 5. 
[0 0 3 5] 9 fc, Jfij^jS«#B<&a*tt. 

20 B8t5^7y KBsb*v^tt***BfcoffBt?, 

[0 0 3 6] ftl-, AIGaN«ftrit«»B€rfflV^»fri:ffi 

U ^o4 t *#^-1fSB<0«lI-«aEW4o^^7«: 

b 3 

[ 0 0 3 7 ] H 3 (^^1-fffiffi^fflV>yS:^#w-ifSB 

*5V^. Jia^$rz1=0.14, z2=0. Z3-0.15, x1=0.1 
4, x2=0. 02t Lx 8Hf^y KBo¥*lftrt«r0.07 

*3V^T, AIGaNI&A«AB20, 22 s 27*JJtW29#Rltfe 

121 i:n-GaNl19o^*3j:t/j@^^^ 7 7 KB28tn-GaN 
^^^^ hB30^>IBIw©^AIGaMBja««B«rAixfc» 
-fr-CfcD, bJial^-r«jSlcJD^"C, n*>6V^ii-Ga 
i-iiAlnM**»B23fc«* : F^7 7 KB210IB, *5d: 
0**>5VMii-Gai-i2AI«2N*:*«B26i:B* J F-^ 7 7 K 
■28©IH]^ 1 bAIGaN»art«»B«r*AU^:»t>-C*>5 0 
40 [0 0 3 81 03 \Z.7F-f& 9 c «>A I GaNI&j£4K#lB 
i)S4v*»frlcit^ a*3J:i;bOAIGaN3lfl*«ftB«:K 

[0 0 3 9] *BWItJ:SiW»#i'- ifBBtt, 
ft, XBftflFB * Wfc&3IRtfii<f , M-M. B«* PPM 
50 [BBtOffi^ttffl] 
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[12 2] *»Wo»iojllfio*lBlcJ:6*»#^-f ! 
[S3] AIGaNtaA««JI«:nv^»frj:A^«^»« 
HMW>lMil 

11 t77^TSi 

12 GaN/<y7 7» 

13 GaNJf JO 

16 GaNH 

17 Si0 2 lg 

18 GaNJI 

19 n-GaNa:/** hi 

20 r»-Gai-z4Alr4(ttaj««#4S 



[Ell] 
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21 n-Gai-iiAlziN/GaNfflte^7* KB 

22 n-Gai-z5Alz5N*a*«»S 

23 nfe6VMii-Gai-z2AI«2N3t*»Ji 

24 !nx 2 Gai-izN(Si K-:/)/lniiGai-iiN#MrF# 

25 p^ai-23Alz3N^r-t !J 7^n y *^{fM 

26 pfc6V^tti-Gai-ziAl2iN*»»Ji 

27 p-Gai. 2 5AlzsNttdt««UI 

28 p-Gai -z i Ah i N/GaNjS^^ ^77 KB 

29 p-Gai-z4Alz4N&£##Jg 

30 p-GaN^** HJi 
32 &&gg 

34 p«S 

36 ntS 
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